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Abstract 
Collaborative transportation systems are relatively new concepts in research, but are very popular in practice. In the 
last years, collaborative transportation seems a good city logistics alternative to classical urban consolidation centers, 
but it is still in a development stage. This paper proposes a framework to define and evaluate collaborative urban 
transportation systems. This framework is organized in the following modules: a knowledge management system, a 
scenario simulator, a transportation management system, an environmental module, a risk factor estimation module 
and a multi-criteria decision support method. Finally, five realistic scenarios for the urban area of Lyon (France) are 
simulated and discussed to illustrate the proposed framework possible applications. 
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1. Introduction 
The freight transport industry is a major source of employment and supports the economic 
development of the country. However, freight transport is also a disturbing activity, due to congestion and 
environmental nuisances, which negatively affects the quality of life, in particular in urban areas. In this 
context, city logistics has been developed for more than fifteen years, giving solutions and methods to 
support public authorities and also other stakeholders in urban freight transport planning and management 
[19]. Both the new trends in retail and commerce organization and the technological innovation in supply 
 
*
 Corresponding author. Tel.: +33-4-72726444; fax: +33-4-72726448. 
E-mail address: jesus.gonzales-feliu@let.ish-lyon.cnrs.fr 
Available online at www.sciencedirect.com
 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 7th International 
Conference on ity Logistics
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
173 Jesus Gonzalez-Feliu and Josep-Maria Salanova /  Procedia - Social and Behavioral Sciences  39 ( 2012 )  172 – 183 
 
chain and distribution planning have led decision makers to consider collaborative strategies to reduce 
overall cost of the supply process [13]. 
This is the case of collaborative urban freight transport systems, where the different stakeholders of 
urban logistics can make collaborative agreements to improve the efficiency and then reduce the overall 
costs of the global supply chain activities networks [13]. These schemas are commonly used in the 
transport field, mostly in logistics sharing [9]. In the last decade, several producers and/or transporters 
have elaborated mutual strategic plans which focus on a better usage of the transport vehicles by sharing 
them. Although the main aspects of inbound collaborative logistics have recently reviewed [14], 
collaborative and mutual strategies in the freight transport field remain a less explored subject, which is 
however commonly observed in several real-life cases. The aim of this paper is to present a decision 
support system (DDS) for strategic planning support in collaborative urban freight transport, more 
precisely for demand pooling among transportation operators. 
First of all we will present the main concepts of collaborative urban freight transportation, focusing on 
the main elements that affect organization and decision processes. Then, a methodology for evaluating 
such systems is proposed. This framework is organized in several modules, including a scenario 
simulator, a transportation management system (TMS), a risk management module and a multi-criteria 
analysis method. After describing the method, five scenarios are described and simulated. Finally, the 
main results are presented and commented. 
2. Defining collaborative transportation 
In the last years, several strategies and logistics schemas have been developed in order to increase the 
effectiveness of freight transportation, and more precisely in the context of city logistics planning and 
management [3]. Collaboration is one of the most promising areas of study, and can take place at several 
stages of the chain and with different levels of interaction [9]. These levels are: 
x Transactional collaboration, i.e. co-ordination and standardization of administrative practices and 
exchange techniques. 
x Informational collaboration, i.e. mutual exchange of information such as sales forecasts, stock levels 
and delivery dates. It is important to note that confidentiality and the process of competition can hinder 
collaboration. 
x Decisional collaboration, or collaboration at the different horizons of logistics and transportation 
planning, which are: ○ Operational planning: This planning stage is related to daily operations that can be coordinated or 
shared, like freight transportation or cross-docking. ○ Tactical planning: The middle-term planning stage involves several tactical decisions, like sales 
forecasts, shipping, inventory, production management and quality control. ○ Strategic planning: The highest collaboration stage is related to long term planning decisions such 
as network design, facility location, finance and production planning. 
 
Collaboration is possible when at least two actors share their efforts to reach a common objective. In 
freight transportation, this collaboration can be bilateral (made by two actors) or based on the principles 
of reasoning communities [9]. A reasoning community can be defined as a group or community of 
individuals that engage in dialogue with each other in order to reason toward action. Their individual 
members may or may not belong to the same organization, hold the same values, aim for the same 
outcomes or have anything in common, except the need to reason toward a solution of the same or similar 
problem [9]. In collaborative urban freight transportation, these communities are small and members can 
be easily identified and defined. The concept of small reasoning community is better adapted that that of 
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logistics partnership [11] because in urban freight transportation subcontracting and collaboration is not 
always identified and formalized by a contract of partnership or service. 
As we have seen above, information sharing appears as a basic requirement to ensure a good 
collaboration between two or more individuals. Applied to urban freight transportation systems, the bases 
of collaboration can be defined following the schemas proposed by Laudon and Laudon [12] for 
information systems design and by Gonzalez-Feliu and Morana [9] for collaborative logistics that can be 
illustrated as follows: 
 
Fig. 1. The five modules of collaborative urban freight transportation systems (adapted from Gonzalez-Feliu and Morana, 2011) 
The community’s deals module presents both the project’s expectations and the risks that are studied in 
that project’s preliminary developments. Considering the technologies and tools and their usage levels, 
several choices must be made in order to set up the best collaborative transportation system. In order to 
make these choices, it is important to formulate questions related to the goals and the risks of the project, 
and to find answers to these questions [12]. 
The community’s solutions module contains both the objectives of the project and the collaborative 
transportation system performance evaluation [9]. The objectives of City Logistics planning are 
connected to the reduction of congestion, pollution, noise and other nuisances related to urban goods 
movement (Crainic, 2008). However, the stakes and issues differ from one individual to another, taking 
into account that in city logistics both public and private stakeholders interact [19]. Once the objectives 
are identified, the project is developed. It is then important to include the evaluation issues into the 
strategic decision processes, since the success of a city logistics project is made by ensuring its continuity. 
This will only be possible if it has been taken into account in the project conception phase. 
The stakeholders’ module describes the main actors involved in a collaborative urban transportation 
system, and can be described as follows. The “loaders” are the actors that are at the origin (“senders”) or 
at the destination (“receivers”) of the shipment. They can be industrial or artisan producers, logistics 
providers or retailing activities. Another important category is the “transporters”, who can be “loaders” 
that make self-transport operations, or third-party transportation carriers. A third category is that of real 
estate actors, who are the “owners and management companies” of urban logistics facilities. Nonetheless, 
other actors, like public administrations, highway companies, customs operators can also be included in 
this classification. 
The operations management module contains all the elements of collaborative urban freight 
transportation planning and management, more precisely in logistics models and schemas. In literature, 
most organizational schemas are related to collaborative supply chains, like the Efficient Consumer’s 
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Response (ECR), the Vendor Managed Inventory (VMI) or the Collaborative Planning Forecasting and 
Replenishment (CPFR), very common in supply chain management [14]. Analogous schemas can be 
defined in freight distribution, mainly in urban areas. This is the case of transportation pooling, 
transportation networks and collaborative freight e-marketplaces [8][18]. 
Last but not least, we want to focus on the role of information in collaborative transportation. Without 
informational collaboration, the other levels of collaboration cannot take place. In transport management, 
the role of information technologies has been recently overviewed [6]. The author identifies two types of 
information technologies: the transportation management systems (TMS), related to transportation 
planning, and the information and communication technologies, that allow transportation to be integrated 
into the supply chain. TMS are mainly based on route construction and optimization, and many 
commercial tools apply algorithms derived from the well known network design, vehicle routing, vehicle 
scheduling and location routing problems (respectively NSP, VRP, VSP and LRP[7][20]). Concerning 
ICT, we can distinguish three categories, following the findings of Fabbes-Costes [6]. The document 
exchange systems assure the communication among actors and memorize several transactions. Then, the 
communication systems assure the enterprise flow’s guide. Finally, the tracking systems are developed to 
find and follow freight movement. 
A collaborative transportation system can be then defined. In urban freight transportation, such 
systems are related to collaborative transportation. This notion can be then defined as follows: two or 
more transporters will follow a collaborative transportation pooling approach if they share material and 
immaterial resources among them. These resources can be of different nature: 
x The logistics facilities, such as vehicle depots, warehouses, maintenance centers or cross-docking 
platforms. 
x The vehicles, that can be shared in two ways: the first is that of vehicle pooling, where a vehicle can be 
taken by each member of the community for his or her transportation operations, without merging the 
freight with that of the other members, and the second is that of freight pooling, which means to give 
the freight to another transportation carrier that will visit the final destination of this freight, in order to 
overall reduce the loading rates of the vehicles. 
x The planning and optimization methods, which supposes that planning is made in group, and not 
individually. 
x Logistics and transportation information, such as traffic data, parking information, customer 
availability or other information that can help to make previsions and manage current operations. 
3. A method for strategic decision support evaluation 
Although collaborative transportation is a promising approach, there are many limits and not all the 
stakeholders are a priori disposed to enter on such communities. For this reason, public authorities and 
collaborative communities of practice want to develop decision support tools that help the individuals to 
consider the advantages and risks of collaboration globally, in order to take the decisions having a better 
knowledge of this field. In order to support public authorities and private actors in their choices 
concerning collaboration in urban freight transportation, we propose a framework based on modeling and 
simulation, that feeds a multi-criteria decision support method. The framework is organized as show on 
Fig. 2. 
 
 
 
 
 
176   Jesus Gonzalez-Feliu and Josep-Maria Salanova /  Procedia - Social and Behavioral Sciences  39 ( 2012 )  172 – 183 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Chart of the strategic evaluation 
From real urban distribution stakeholders, several data can be collected. Moreover, because the 
framework is based on simulation, several hypothesis and assumptions will be needed. All these 
information, as well as other data like geographic and socioeconomic information that characterizes the 
chosen urban area, are entered on a knowledge management system (KMS), which is the core of the 
framework and receives, stores and send all the necessary inputs and outputs of the different modules. 
Then, a data processing tool integrated on a scenario simulator will be able to produce the cases to 
simulate. After that, two modules are working in parallel: a risk factor identification that evaluates the 
risk of the chosen scenario, for each stakeholder and for the community, and a transportation management 
system (TMS), which finds a good sharing schema and the routes that derive from it. From the TMS, an 
estimation of the environmental effects is made by a specific model. From these three modules are 
collected by the multi-criteria analysis tool that finds a set of criteria and analyses them, first in the point 
of view of each stakeholder, then in a global approach, for the general interest of the collaborative 
transportation community. 
3.1. Scenario simulator 
The scenario simulator is a procedure that processes the input data in order to define the scenario to 
simulate. At this level, the scenario simulator sets the transportation carriers that will collaborate and 
makes hypothesis about how they manage this collaboration. This tool will be better detailed when 
describing the scenarios in the section devoted to this end. 
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3.2. Transportation management system 
The transportation management system is a tool that, starting from the KMS and the scenario 
simulator, builds the routes for each transportation carrier involved in the collaborative transportation 
system and estimates the traveled distances and the environmental impacts, in terms of emissions of 
greenhouse gases. This module uses an algorithm for the two-echelon vehicle routing problem [5] adapted 
to collaborative transportation systems. 
The algorithm is a fast heuristics, following a two-step procedure. This has been chosen because the 
methodology is aimed to support tactical decisions of collaborative communities, so the TMS has to be 
assimilated to a commercial solver, in order to solve very big problems in a few seconds. First, a sweep 
algorithm is used in order to make clusters of customers, assigning them to a fist-level route and not to a 
satellite. When dealing with direct shipping, a classical sweep algorithm as those developed for CVRP 
applications is applied. For 2E-VRP, the sweep algorithm takes into account the satellite position in order 
to define the routes (i.e., customers are assigned to a 1st echelon vehicle but taking into account the 
satellite this vehicle will bring the freight for a cross-docking operation. 
Second, the routes are built using a GRASP algorithm. There are two types of routes: the 1st-echelon 
ones go from the depot to the satellites, and the 2nd-echelon ones from the satellites to the customers. The 
routing phase is common for all the configurations: once the customers are grouped, a GRASP is applied 
in order to build the 2nd-echelon routes. Then, the 1st-echelon ones are obtained easily by a 
combinatorial procedure, since the number of possibilities is very small. Note that in some cases the 
instances solved are related to heterogeneous fleets. This issue has been taken into account in the route 
construction. Finally, a small post-optimization procedure using fast local search techniques is used. 
3.3. Distance, cost and environmental effects estimation 
There are two types of distances: the in-route distance and the access distance. The first distance is the 
distance traveled from the first customer/satellite until the last one (passing by all the customers/satellites 
in the defined order); the second distance is the distance traveled from the depot/satellite to the first route 
point and from the last route point back to the depot/satellite. The calculation of the in-route traveled 
distances is done by the Euclidean distance between each two consecutive route points, excluding the 
depot/satellite from the route. The calculation of the access distance is done by the Euclidean distance 
between the depot/satellite and first and last route points. 
The cost of the routes are fixed costs (driver basically) and variable costs (length, time, consume and 
contamination).  
x For the estimation of the travel time, average speeds are used, with higher values for the access to the 
route, and lower values for the in-route travel.  
x For the normalization of the vehicles, each truck size is equivalent to 1, 1.5, 2 or 3 private cars. 
x Once vehicles are normalized, consume and contamination rates are calculated using average values. 
 
From the traveled distances per truck, we can easily estimate traffic and environmental issues. 
Concerning traffic issues, the km.PCU are calculated. To do this, each truck distance is weighted by a 
coefficient depending on its weight, as stated in Table 1: 
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Table 1. Weight factor for traffic issues (adapted from Routhier et al., 2009) 
Total on-load weight Weight factor 
Less than 3.5 t 1 
3.5-7 t 1.5 
7-16 t 2 
More than 12 t 2.5 
 
Finally, the environmental issues can be estimated. From the works of Routhier et al. [14], Greenhouse 
gas impact ratios can be applied if we know the type of vehicle, the traveled distance and the average 
speed. Knowing the traveled distance in each category of urban space (far periphery, near periphery or 
dense city area) we can estimate these speeds [14]. Then, using the IMPACTE ADEME environmental 
model [1] we can estimate the environmental impacts, in g CO2 equivalent, corresponding to greenhouse 
gases (CO2, CO, NOx and hydrocarbons). 
3.4. Risk factor identification 
The risk management module derives from the following schema: 
 
 
Fig. 3. Risk management module (adapted from Gonzalez-Feliu and Morana) 
Considering the technologies, tools and their usage levels, several choices must be made in order to set 
up the best solution of logistic sharing services. In order to make these choices, it is important to 
formulate questions related to the goals and the risks of the project, and to find the appropriate answers. 
Accordingly, it is important to make a deep analysis of the possible risks that the project may encounter. 
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From the work of Seiersen [17], we can list the main categories of risks related to a collaborative 
transportation sharing project: 
x The risks related to the project accounting itself, more precisely to the different type of resources that 
can be affected by the project, in financial, economical, technical, technological or human terms. In 
general, each member of a LSC knows its implications in financial and accounting terms, and these 
decisions are individually taken. 
x The risks related to the organization of the project and its continuity. Two types of risks can be 
identified in this category: the risks related to the logistics organization; for operational decisions, 
which are in general individually made, and those of the LSC tactical and strategic actions, where 
misunderstandings and other obstacles to collaboration have to be seen as potential risks. It is 
important to note that the reorganization of a project (including changes on the LSC status) can be 
considered only when the project is operative and stable. 
x The technological risks; in general, the technologies present problems related to functionality, 
robustness and compatibility, among others. Before choosing a technology, it is important to think 
about these questions. 
x The risks related to policies, processes and current practices. The development and usage of new 
logistics solutions can need an important change in the way people think and act to make them 
operative. Continuous social analysis during all conception and development phases are crucial to the 
stability and success of very innovative solutions. These social analyses need to be made on both the 
LSC members and the external actors involved in the different stages of the project. 
x The risks related to the impact of the systems in the current and future operations, at both human and 
technical levels. In this category, the collaboration rules and the respect of them have to be considered. 
x The dependence risks; if the information system is based on several technologies, the risks related to 
the dysfunction of these technologies have to be considered. When a technological tool presents a 
dysfunction, the system can be less efficient, or can stop because of it. These risks have to be studied 
in a preliminary phase of a project. 
3.5. Multi-criteria module 
In order to propose a decision support framework for both public authorities and private actors, we 
included a multi-criteria analysis module. On it, the output data from each other module are stored and 
processed in order to define the evaluation criteria. In collaborative transportation, we can find several 
types of decision strategies: 
x Infrastructure and resource sharing and co-ordination: in these strategies, several resources are 
shared, and only transactional and informational collaboration is followed. No decisions are shared and 
coordinated, except those related to partnerships and agreements that regulate the usage of the shared 
resources. 
x Collaborative transportation with hierarchical decision making: in this strategy, current operations are 
managed by each individual but the main strategic and tactical decision processes are hierarchic. In 
general, an external manager or consultant is in charge of strategic and tactical planning and 
management. 
x Collaborative transportation with non-hierarchical decision making: this type of collaboration differs 
from the above in the fact that the different users take part into the decision processes. The strategic 
management is in general made by a consortium of all the individuals (or by an assembly) and each 
member of the community can take part on the discussion and decision making phases. 
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Taking into account the type of collaboration and the stakeholder(s) that use the decision support 
framework, a set of criteria is defined. These criteria are based on the work of Gonzalez-Feliu [10], and 
then adapted to collaborative transportation systems. The main criteria are related to individual 
transportation costs, congestion impacts, environmental effects and risk factors, and to collective traffic 
issues and environmental effects. At this stage, only a comparison of the criteria is proposed, on the basis 
of multi-criteria graphs. In a second time, it is envisaged to develop a collaborative multi-criteria method 
(based on AHP or ELECTRE methods) in order to rank the different options. 
4. An example of application 
In this section we propose a set of scenarios that will be used to illustrate the proposed framework. In 
our example we supposed 5 different operators (representing each a realistic transportation carrier). Each 
operator has a depot, a few satellites for consolidating the cargo, and its own fleet of trucks, with two 
different sizes of trucks. The total number of customers is 408, and the number of satellites 12. Moreover, 
each customer can be served by more than one transportation carrier. In order to propose a realistic set of 
scenarios for proximity grocery retailers distribution in the urban area of Lyon (France). Using the model 
FRETURB [15], we extract the number and location of small supermarkets (less than 400 m²) in the cities 
of Lyon and Villeurbanne (that form the main urban center of the area). Satellites correspond to real 
logistics platforms located in the near periphery of city, mainly in industrial zones. The depots are located 
in the peri-urban area, also know as the far periphery of the city. The demand of each customer is 
estimated using the FRETURB model, which gives us the number of deliveries per customer. Then, a 
quantity of freight is associated to each delivery [8]. 
We simulate a total of 5 scenarios, described below: 
1. A non-collaborative strategy where only the big trucks are used, visiting a large number of clients due 
to the bigger capacity of the vehicles. Here we solved five different and independent CVRPs. 
2. A second non-collaborative strategy where the big trucks are used for distributing the cargo to the 
satellites, and from there to the final clients using the smaller trucks. Here we solved five different and 
independent 2E-VRPs, where the capacity of the big trucks is limiting the capacity of the satellites. 
3. A transportation pooling approach where all the cross-docking points can be used by each operator for 
transferring cargo from the big trucks to the small ones, and to the final clients. Here we solved five 
different and independent 2E-VRPs, where the capacity of the small trucks is limiting the capacity of 
the satellites. 
4. A collaborative transportation sharing network where 2 operators are collaborating, while the other 
operators are acting as in the second scenario. The collaborating clients share their satellites, and 
consolidate cargo destined to the same clients, sharing also their fleets of small trucks. Here we solved 
four 2E-VRPs, one of them with heterogeneous fleet. 
5. A collaborative transportation sharing network where all the operators are collaborating, using all the 
satellites for consolidating the cargo destined to the same clients and sharing their fleet of small trucks. 
Here we solved one 2E-VRP with heterogeneous fleet. 
 
For each scenario, the TMS and the environmental modules are used in order to estimate the main 
costs and environmental issues. Moreover, we feed the risk management module with all the scenarios, in 
order to give the risk factor for each of them. In this simulation we analyze the case of an individual 
decision maker, i.e. one of the five transportation carriers, who wants to enter on a collaborative 
transportation system and needs a decision help. From this consideration, we propose the following 
criteria for our analysis: 
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x Individual transportation cost (in km) 
x Road occupancy rates (in km.PCU) 
x Individual GHG emissions (in CO2-equivalent units) 
x Collective GHG emissions (in CO2-equivalent units) 
x Risk factor (1 to 5) 
 
In Fig. 4 we propose the main results of the simulation, on the form of a polygonal graph. Note that 
each criterion is reported on the graph. We have unified the criteria scales in order to represent each 
criteria with a 0-1 continuous indicator. Moreover, the criteria are graphically positioned consecutively in 
order to observe them one by one without crossing them. Then they are presented consecutively in the 
same graph, i.e., they have to be read independently because there is not a relation of scale between the 
criteria. 
 
Operator 3
C O 2 emis s ions  (g.C O 2)
R is k factor
T ime (hours )T raffic is s ues  (km.P C U)
T rans portation cos t (km) S cenario 5
S cenario 1
S cenario 2
S cenario 3
S cenario 4
 
Fig. 4. Synthesis of the multi-criteria analysis for operator 3 
We observe that it is not easy to decide, following this graph, which is the best solution for operator 3. 
Scenario 3 is not suitable, since the fact all the satellites are available to each operator but not the vehicles 
makes that the system is more difficult to optimize, and the chosen algorithm is not able to find a better 
solution in few seconds (the maximum computational time is about 5 seconds). The other solutions are 
comparable. Solution 1 is less efficient in terms of environmental performance and time (travel and 
delivery times increase for big vehicles, according to [2]), but has no risks. Scenario 4 can be convenient 
for operator 3, and it has similar impacts on all the criteria as scenario 5 (since in both of them, the 
operator is collaborating). 
182   Jesus Gonzalez-Feliu and Josep-Maria Salanova /  Procedia - Social and Behavioral Sciences  39 ( 2012 )  172 – 183 
 
Finally, we observe the overall analysis for each scenario Fig. 5. The differences between the 
individual issues and the collective evaluation are a little bit different. We observe that the scenario 5 
seems be one of the best but the differences in some criteria are not so evident, i.e., the collaboration 
among all the stakeholder can be among the best but has consequently the highest risks, because it 
involves more stakeholders and cross-docking operations. However, they are environmentally efficient 
and their results are close to those of scenario 4 (collaboration of 2 stakeholders), which seems to be the 
best solution. In this case, being in the point of view of transportation carrier 3, the best solution seems to 
be the scenario 4 (collaboration between carriers 1 and 3) because the risk is lower than solution 5. 
 
T otal
C O 2 emis s ions  (g.C O 2)
T ime (hours )
T raffic is s ues  (km.P C U)T rans portation cos t (km)
R is k factor S cenario 5
S cenario 1
S cenario 2
S cenario 3
S cenario 4
 
Fig. 5. Synthesis of the multi-criteria analysis in a global approach 
5. Conclusion 
In this paper we have defined collaborative urban freight transportation systems. Moreover, a 
framework for collaborative transportation decision support is presented, more precisely to help the urban 
goods movement decision makers in their strategic choices (for both public and private stakeholders). The 
proposed method combines several modules. From the simulation, we observe that collaboration has 
some advantages but is not always the best solution for each criteria. Moreover, the preferred solution for 
one operator does not necessarily coincides with the system’s best solution. Furthermore implementing 
collaborative strategies presents risks that have to be evaluated. 
In conclusion, although collaboration is an interesting field, it is early to say if it will be well applied to 
city logistics. For this reason we need to develop decision support systems and sensibilities the public and 
the private stakeholders in order to find global city logistics solutions in an urban-system point of view. 
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